S U MM A RY Eight patients with a subjective disorder of vision yet normal Snellen acuities after optic neuritis were shown to have an abnormal contrast sensitivity function in their affected eye. It appears that certain disorders of vision are associated with an abnormality of the contrast sensitivity function in spite of near normal visual acuity. Such an abnormality may affect pattern recognition without having an influence on Snellen acuity because of the high contrast of the latter and its predominant association with the higher spatial frequencies. Contrast sensitivity function is thus the only tool available to study those aspects of vision which have remained impervious to other subjective tests of visual function.
'rhe determination of visual acuity in clinical practice has relied almost entirely on the use of Snellen or similar charts, in which the letters used are highly contrasted with their background and their sizes diminish from line to line so as to present a progressively smaller visual angle to the eye. Such a measurement describes only a limited aspect of visual perception, for it is common experience that the visibility of objects depends not only on their size but on their relative brightness with respect to their background. The relationship between luminosity of object and background may be expressed precisely as a contrast measurement and the ability of the visual system to see and analyse objects and patterns may be considered in terms of contrast as well as size.
The study of this relationship can be carried out conveniently using sinusoidal gratings of different contrasts and spatial frequencies (Campbell and Maffei, 1974 (Campbell, 1973) .
Microelectrode studies have shown that cells exist in the visual system which respond to sinusoidal gratings of a limited range of spatial frequencies (Enroth-Cugell and Robson, 1966; Cleland et al., 1971; Campbell et al., 1969) . These studies, which are now extensive, have enabled a theory of perception based on the concept of fre- Fig. 1 Grating with spatial frequency varying along horizontal axis and clontrast sensitivity along vertical axis. The junction between the visible and invisible parts of the grating defines the contrast sensitivity function. quency specific channels in the visual pathways.
The application of Fourier theory was to suggest that complex visual information could be carried in these frequency specific channels in much the same way that complex harmonies in the domain of hearing are carried in the auditory system by similar frequency channels. In man, the existence of these channels has likewise been shown by the use of appropriate psychophysical techniques. Experiments in which contrast sensitivity functions were constructed using square-wave, rectangular, and saw-tooth rather than sinusoidal gratings have produced results to be as calculated by Fourier theory (Campbell and Robson, 1968) .
The normal contrast sensitivity function may, therefore, be seen as the envelope of the turning curves of the different spatial frequency specific channels with respect to their ability to respond to different contrasts. Those channels with a frequency of approximately 3 c/deg are seen to be most sensitive while channels on either side of this frequency are seen to be progressively less sensitive. Damage to the different spatial frequency channels will lower their sensitivities and will be detected as an abnormality of the contrast sensitivity function. Abnormal vision may be construed to result from damage to some or all the spatial frequency channels if the concepts of Fourier theory are followed. Such abnormal vision may be detected as an abnormal contrast sensitivity function but need not result in an abnormal Snellen acuity.
The relationship between the Snellen acuity and the contrast sensitivity function is complex but appears to be concerned with mechanisms at the higher end of the spatial frequency range. Thus abnormalities of the Snellen acuity would not be seen if low or medium frequency channels were damaged or if the rise in the contrast theshold (corresponding to a reduction in contrast sensitivity) in the high frequency channels did not exceed the high contrast of the Snellen figures.
An abnormality in the contrast sensitivity function has been shown in a heterogeneous group of patients with cerebral lesions and a complaint of blurred vision, (Bodis-Wollner and Diamond, 1976) and also in a number of patients with multiple sclerosis (Regan et al., 1977) some of whom showed no abnormality of visual function on standard clinical tests. This preliminary communication reports a study of eight patients with optic neuritis or multiple sclerosis who complained of a disturbance of vision in the presence of good Snellen acuities.
Patients and methods
Eight patients took part in the study. Six had welldocumented histories of optic neuritis in one eye and one had at different occasions such episodes involving each of her eyes in turn. All seven had recovered from the acute episode in that their visual acuity was 6/9 or better but all still complained of some subjective disturbance of vision in the affected compared with the unaffected eye. Of these seven patients six had other symptoms and signs of multiple sclerosis. The eighth patient presented with a paraparesis but had complained of a visual disturbance in his left eye over the preceding three years in spite of normal Snellen acuities. Control subjects were members of the Neurology and EEG Departments at Addenbrooke's Hospital.
In all these patients visual acuity was assessed by the use of Snellen charts. Colour vision was determined using Ishihara pseudo-isochromatic plates, and four mistakes or greater were taken to be consistent with an abnormality of colour perception. The appearance of the optic discs was noted and a relative afferent pupillary defect was detected by the use of the "swinging torchlight test" (Levitin, 1959) . Visual evoked potentials were obtained using the method of Halliday et al. (1972) . The results of these ophthalmic investigations are shown in the Table. Contrast sensitivity was determined using a method based on that of Schade (1956) No formal refraction was carried out but trial lenses ranging from -0.5 to +0.5 dioptres were used if the patient thought subjectively that these improved acuity. Contrast thresholds were determined by the subject who adjusted the attenuator until a contrast was reached at which some form 
Results
The contrast sensitivity functions of five control subjects were obtained from which a mean control curve with 99% confidence limits was derived. The contrast sensitivity function of each of the patients' eyes was individually compared with the control function. This was done by plotting, at each spatial frequency, the ratio of the test contrast sensitivity to that of its control. This resultant attenuation function has been labelled, by Bodis-Wollner, a visuogram. Figure 2 shows the normal contrast sensitivity function derived from the five control subjects with 1%, 5%, 95% and 99% confidence limits. The dotted contrast sensitivity function is that of the affected eye of one patient (MJ) and serves as an example of an abnormal contrast sensitivity function. Above this is the visuogram for this patient plotted by taking the ratio of her contrast sensitivity function to that of the mean control curve. Figure 3 shows the visuograms of the eight patients. The dotted line is the visuogram from the affected eye and the continuous line is the visuogram from the "unaffected" eye. The line bounding the shaded area represents the first percentile of the normal contrast sensitivity function expressed in the form of the visuogram.
It can be seen that the visuograms of the unaffected eyes of all patients except one (SS) lay within or above the shaded area. She had multiple sclerosis and was the most severely affected of the patients tested. She also made three errors in the Ishihara plates with her unaffected eye while no 0... ... Fiorentini, 1972, 1973) , an abnormal contrast sensitivity function reflecting disturbances in certain spatial frequency channels will lead to faulty visual information processing. Such an abnormality may greatly affect pattern recognition yet not have an influence on Snellen acuity because of the high contrasts of the latter and its predomi-nant association with the higher spatial frequencies. The contrast sensitivity function is thus the only tool available to study those aspects of vision, in particular low and medium frequency channels and patterns of low contrast, which have remained impervious to hitherto available tests of visual function. We believe that contrast sensitivity studies hold great promise in this respect, not only as a possible diagnostic aid but also for the relevance that abnormal findings may have to an understanding of normal visual physiology.
